A method has been developed for measuring the adhesion of platelets to purified collagen fibers obtained from bovine tendon. This method differs from others in that: (a) platelet adhesion is measured in the absence of platelet aggregation; (b) platelet-rich plasma collected in ACD (acid citrate dextrose) or EDTA, or washed platelets can be employed; (c) adherent platelets are enumerated directly; (d) erythrocytes and leukocytes do not adhere.
A B S T R A C T A method has been developed for measuring the adhesion of platelets to purified collagen fibers obtained from bovine tendon. This method differs from others in that: (a) platelet adhesion is measured in the absence of platelet aggregation; (b) platelet-rich plasma collected in ACD (acid citrate dextrose) or EDTA, or washed platelets can be employed; (c) adherent platelets are enumerated directly; (d) erythrocytes and leukocytes do not adhere.
Washed platelets suspended in human Ringer solution exhibit negligible adhesion (at the platelet concentrations employed) in contrast to washed platelets suspended in plasma. Addition of purified human fibrinogen (95% clottable, 2-4 mg/ml) to human Ringer solution completely restores the ability of washed platelets to adhere to collagen fibers. Albumin (fatty acid free, 50 mg/ml) is also capable of restoring adhesion. Albumin and seven other proteins at concentrations of 5-10 mg/ml, with varying molecular weights, isoelectric points, and frictional coefficients are incapable of supporting the adhesion of washed platelets. The proteins tested were human globulin, hexokinase, hemoglobin, cytochrome-C, insulin, thyroglobulin, and muramidase. Platelet adhesion is proportional to both platelet concentration and fibrinogen concentration, but is independent of temperature or glycogen stores. Modification of fibrinogen by acylation of amino groups or removal of sialic acid has no effect on its ability to support platelet adhesion. Degradation of fibrinogen with purified plasmin results in decreased support of platelet adhesion. This accompanied formation of early breakdown products with clottability ranging from 84-0%. Formation of fibrinogen degradation products was monitored by SDS-polyacrylamide gel electrophoresis of the corresponding fibrins after reduction of INTRODUCTION Although considerable information has been accumulated regarding the biochemistry and physiology of platelet-plug formation (1) (2) (3) (4) (5) (6) (7) , little is known about initiation of platelet plug formation, namely platelet adhesion. Early work, employing light microscopy, (8) (9) (10) had suggested that platelets adhered to traumatized mesenteric fibers which were of "collagen" nature. More recent electron miscroscopic investigation has implicated the vascular basement membrane as the probable site of platelet adhesion (11) (12) (13) . Several types of epithelial and endothelial basement membranes have been characterized (14) (15) (16) . These have been shown to be related to (but not identical with) the collagen class of proteins.
Since various collagen preparations have been shown to share the property of inducing platelet aggregation (10, (17) (18) (19) (20) (21) , or providing a surface to which platelets adhere (19, (21) (22) (23) , considerable interest has been generated in this "physiologic" interaction of platelets with collagen.
Paradoxically, most available techniques for the measurement of the adhesive properties of platelets have employed glass as the surface to which adhesion was measured (24) (25) (26) (27) (28) (29) (30) (31) . Results obtained with various tests from different laboratories are often inconsistent (28) , as well as unpredictable (27) (28) (29) (30) (31) . Emphasis has been 1854 The Journal of Clinical Investigation Volume 50 1971 placed on methods in which platelets are counted before and after exposure of platelet suspensions or whole blood to glass surfaces. Under these conditions, aggregation often occurs (24, 26, 27) , and the test is better referred to as a platelet retention test.
The purpose of this investigation was twofold: 1. To develop a method for the measurement of platelet adhesion which would (a) employ purified collagen as the surface to which platelets adhere; (b) quantitate platelet adhesion directly; (c) provide an assay for platelet adhesion uncomplicated by superimposed aggregation; (d) permit the use of washed human platelets in the system so that various suspending media could be evaluated. 2. To study some of the biochemical and biophysical aspects of platelet adhesion.
METHODS
Collagen surface preparation. Bovine tendon collagen, 200 mg, was homogenized in 100 ml of 0.03 N HCl for 20 min at 00C in a Sorvall Homogenizer. The homogenate was centrifuged at 3000 g for 30 min and a clear supernatant obtained. This supernatant was extensively dialyzed against isotonic saline at room temperature intil a fine flocculant precipitate of collagen fibers was formed. The collagen fiber suspension was concentrated by sedimentation to approximately 10 ml by standing overnight at 4VC. 2 ml of this suspension was pipetted on to 22 X 22 mm plastic cover slips and allowed to dry at room temperature. The collagencoated surface thus formed was rinsed free of salt crystals with distilled water. A scissors was employed to trim 2 mm from the edges of the collagen-coated cover slips. The cover slips were then divided in two, to obtain surfaces measuring 9 X 18 mm.
Adhesion assay procedure. The long edge of a collagencoated plastic cover slip was clasped and held by a slit made through the end of a plastic "drinking straw." The collagen coated surface was immersed in isotonic saline at 370C for 1 hr. Each substance, whose ability to support adhesion was to be measured, was dissolved in human Ringer solution-0.1 mM EDTA, adjusted to pH 7.1 (if necessary) and centrifuged at 35,000 g for 15 minutes. Five ml were then pipetted into each of four wide-mouthed plastic scintillation vials which were then incubated at 370 for 10 minutes.
Washed human platelets were then added to vial number one by the addition of 0.5 ml of a 5% (volume) suspension of platelets in human Ringer-0.1 mm EDTA. All vials were then kept for an additional 15 min at 370C. A collagencoated coverslip, held by a plastic drinking straw, was then removed from the isotonic saline solution, blotted briefly on its edge to remove excess fluid, immediately dipped into vial number one, and gently agitated back and forth for 1 min. (Longer durations of incubation, for up to 15 min, did not result in increased adhesion.) It was removed from vial number 1 and held horizontally (collagen side up) by its edges. The straw was removed, blotted thoroughly, and reattached to the collagen surface at its original location. The collagen-coated cover slip was then dipped gently into the first rinse vial, vial number 2, and slowly agitated back and forth, three times. This procedure was repeated for rinse vials numbers 3 and 4. After the final rinse, the cover slip was placed on a glass microscope slide, collagen side up. One drop of solution from vial number 4 was placed on the collagen surface and the slide observed under phase optics using a 40X objective. Platelets remaining adherent to the collagen surface were enumerated with the help of a grid which outlined a surface area of 0.175 X 0.120 mm on the collagen surface. Twenty grid areas were counted in the central portion of the collagen surface toward the end opposite to which the plastic straw had been attached. Cover slips were incubated in duplicate and adhesion was expressed as the average number of platelets per grid.
Preparation of purified human fibrinogen. Platelet-poor plasma was obtained from whole blood anticoagulated with ACD (acid citrate dextrose) or EDTA. Epsilon-amino caproic acid (EACA)1 was added to the platelet-poor plasma to a final concentration of 0.2 M. The plasma was then stored frozen at -20'C until ready for use. Fibrinogen was precipitated by glycine (32) and dissolved in a minimum volume of 55 mm sodium citrate buffer, pH 7.4 containing 0.2 M EACA (buffer-EACA), and stored frozen at -20'C until ready for use. For each adhesion experiment, human fibrinogen was prepared fresh, by either dialyzing the stored solution in buffer against human Ringer-0.1 mm EDTA (1: 100) at 4VC overnight, or by reprecipitating the fibrinogen with glycine and redissolving the fibrinogen in human Ringer-0.1 mM EDTA. Fibrinogen concentration was determined by optical density readings at 280 mu assuming an absorbance of 1% = 15.0 (33) . The per cent clottability was determined from the initial optical density and from the optical density of the clot liquor (34), after addition of 10 U/ml of bovine thrombin. Preparation of fibrinogen degradation products. Human fibrinogen was dissolved in human Ringer-0.1 mm EDTA as described above, and a portion immediately brought to 0.2 M in EACA and stored frozen. A 2nd portion (6-10 mg/ml) was treated with human plasmin. At intervals, portions were removed, brought to 0.2 M EACA, and frozen at -20'C. These preparations were tested for clottability as described above, and tested for thrombin time and antithrombin activity as described below. Clots from these preparations were reduced and electrophoresed on SDS (sodium dodecyl sulphate) polyacrylamide gel as described previously (34) .
Preparation of neuraminidase-treated fibrinogen. Purified human fibrinogen (5-10 mg/ml), was incubated in the presence of buffer-EACA, pH 5 with 6.7 ,g neuraminidase per mg fibrinogen for 1 hr at 370C. Release of free sialic acid was assayed by a modification of the thiobarbituric acid method (35) and expressed as N-acetylneuraminic acid, as determined from a standard curve. Control incubations of fibrinogen in the absence of enzyme and enzyme in the absence of fibrinogen provided zero sialic acid values. Addition of standard quantities of N-acetylneuraminic acid to the incubation mixture resulted in 100% recovery. At the completion of incubation, the altered fibrinogen was precipitated with glycine (175.5 mg/ml solution) at 370C. The precipitate was removed by centrifugation at 4000 g for 20 min, washed, and dissolved in a minimum volume of buffer-EACA. Total hexose assays of native fibrinogen and neuraminidase-treated fibrinogen were performed by the phenolsulfuric acid method (36) .
Preparation of acylated fibrinogen. Acylated fibrinogen was prepared by the acetic anhydride method in buffer devoid of EACA (37). This was followed by extensive dialysis 'Abbreviations used in this paper: EACA, epsilon-amino caproic acid; PGS, purified proteinpolysaccharide basic structural unit; PPL3, proteinpolysaccharide basic structural unit; PRP, platelet-rich plasma; PPP, plated-poor plasma.
Human Platelet Adhesion to Collagen against buffer-EACA, followed by human Ringer-0.1 mm EDTA. Free-amino groups were assayed on samples of native and acylated fibrinogen by the ninhydrin method (38) .
Preparation of esterified fibrinogen. Fibrinogen solutions were first dialyzed against distilled water, lyophilized, and esterified by both the methanol-HCl method (39) and the propylene oxide method (40) . The products obtained were consistently soluble in distilled water, but insoluble in human Ringer-0.1 mm EDTA, isotonic saline, or saline solutions as low as 0.085 g per 100 ml.
Preparation of fibrinogen modified at the tryptophan residue. Similarly, attempts to modify the tryptophan residues by treatment with o-Nitrophenylsulphenyl chloride (41) or with formic acid-HCl (42) resulted in products which were insoluble in human Ringer-0.1 mm EDTA. The N-bromosuccinimide procedure (43) resulted in precipitation within the reaction mixture itself.
Assay of thrombin time and anti-thrombin activity. For both measurements, the thrombin solution was adjusted to a concentration which gave a control thrombin time, at 370C, for the purified fibrinogen of 6-12 sec. The thrombin time was measured by preincubating 0.12 ml of the incubation solution (plasmin digested fibrinogen) with 0.28 ml of 0.2 M -EACA in 55 mm citrate buffer, pH 7, and then adding 0.1 ml of thrombin solution. The anti-thrombin activity was measured by preincubating 0.2 ml of the incubation solution with 0.2 ml of 0.2 M EACA in 55 mm citrate buffer, pH 7, containing 5 mg/ml native fibrinogen and adding 0.1 ml thrombin solution.
Preparation of other protein solutions. Serum was prepared from ACD platelet-poor plasma by addition of bovine thrombin at a concentration of 6-8 U/ml for 16 to 18 hr at 370C. Serum was expressed from the clot and found to be devoid of residual thrombin by a sensitive platelet agglutination method (44) . Bovine albumin was prepared free of adsorbed fatty acids by extracting with isooctane (45) . A crude human globulin fraction was prepared as described previously (44) . These proteins and all other proteins tested were dialyzed against three changes of human Ringer-0.1 mm EDTA at 4VC, and centrifuged at 35,000 g before use (discarding any insoluble material).
Preparation of washed leukocytes and erythrocytes. Human leukocytes were prepared by the method of Baehner, Karnovsky, and Karnovsky (46) and suspended in human Ringer-0.1 mm EDTA. Human erythrocytes were washed and suspended in the same solution.
Preparation of proteinpolysaccharide complexes and side chains. Proteinpolysaccharides were prepared from cartilage in 3 M MgC12 by recently described dissociative extraction techniques (47) . The extracted proteinpolysaccharides were separated into discrete molecular species with 2.5 M potassium acetate and 2.5 M CaCl2 (47) . These species were characterized hydrodynamically by ultracentrifugal methods (47) and electron microscopy (48) . Proteinpolysaccharide basic structural unit (PPL3) was separated from aggregate forms (PPL5 a and fi) by differential ultracentrifugation in high molarity salt solutions (47, 49) . Highly purified proteinpolysaccharide basic structural unit (PGS) was prepared by density gradient centrifugation (47, 50) . The mucopolysaccharide side chains: chondroitin-4-sulfate, chondroitin-6-sulfate, and keratan-sulfate were prepared from proteinpolysaccharides by proteolytic degradation of the protein core, after fractionation of the barium salts of chondroitin and keratan-sulfate with ethanol (51) .
MATERIALS
Fresh human platelets were obtained, prepared, and washed in human Ringer solution (containing 2-0.1 mm EDTA) as described previously (2) . Human Ringer solution contains: 127 mm NaCl, 4 mm KCl, 25 mm NaHCOs, 2 mM Na2HPO4, 0.2 mm Na2SO4, and is gassed with 95% 02-5% C02 to a pH of 7.1. Collagen from bovine tendon, hexokinase from yeast (practical grade, type 3), porcine thyroglobulin (type 2), epsilon-aminocaproic acid, glycine, sodium citrate, Nacetylneuraminic acid, o-Nitrophenylsulphenyl chloride, and N-bromosuccinimide were obtained from Sigma Chemical Co., St Fig. 1 demonstrates the typical appearance of the collagen-coated plastic surface employed in these studies. Panel A reveals the appearance after incubation in (0.5 volume % or approximately 390,000/mm) washed platelets suspended in human Ringer solution. It consists of a dense meshwork of thin collagen fibers embedded in a finely granular film of soluble collagen. No areas of the plastic coverslip are left uncovered by collagen. A few platelets are adherent to the collagen surface despite rinsing three times in human Ringer solution.
RESULTS
Panel B reveals the appearance of such a surface after incubation in (0.5 volume %) washed platelets suspended in plasma and rinsed three times in platelet-poor plasma. An increased number of platelets adhere to the collagen surface. These are not completely immobile. They are located in a plane focus slightly above that of the collagen fibers, and can be made to move as many as ten platelet diameters from their positions by gently blowing across the microscope slide. However, they appear to be anchored in that they will often return to their approximate original location. Anticoagulant effect. Blood was obtained by venipuncture from three volunteers. One sample from each was anticoagulated with ACD and a second with EDTA.
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Bruce Lyman, Lawrence Rosenberg, and Simon Karpatkin Platelet-rich plasma (PRP) was obtained by a single gentle centrifugation (320 g for 30 min) and the platelet adhesion assay performed in these solutions. In some experiments, an additional 0.5 volume % of washed platelets was added to the PRP in order to increase the platelet concentration. No difference could be detected in blood anticoagulated with ACD compared to the same blood anticoagulated with EDTA, regardless of platelet concentration. Effect of suspending media on platelet adhesion. Table I lists the effect of various suspending media on the number of platelets which remain adherent to the collagen surface after incubation with a 0.5 % platelet suspension. Platelet-poor plasma, serum, albumin, and fibrinogen were considerably more effective than human Ringer solution in supporting platelet adhesion to the collagen surface. Few platelets adhere when they are suspended in the indicated concentrations of human globulin, hexokinase, hemoglobin, cytochrome-C, insulin, thyroglobulin, or muramidase. No correlation could be made with the physical properties (52) of the protein Fig. 2 . A limit to the number of platelets which adhere was imposed only by the tendency of platelets at high concentration (above 2.0%) to aggregate in the presence of collagen surface. N.T.T * A 5 volume % platelet suspension was incubated for 0, 30, and 60 min at 370C and then resuspended to concentrations of 0.5 and 1.0% before testing for platelet adhesion. Effect of temperature. The adhesion of a 0.5% suspension of platelets was tested in a fibrinogen solution (3.9 mg/ml) at 370C. The same test vials were then cooled and maintained at 0-10C in an ice-water bath, and the adhesion test repeated. No difference in adhesion was detected at the two temperatures, (21 vs. 19 platelets per grid at 0 and 370C, respectively).
Effect of prior incubation of platelets (glycogen depletion). Platelets at a concentration of 5 volume % were incubated at 370C in human Ringer solution for 0, 30 , and 60 min2 and then resuspended to concentrations of 0.5 and 10% in human Ringer solution, PPP, and fibrinogen (5 mg/ml). No apparent impairment of adhesion was detected, Table II. Adhesion of leukocytes and erythrocytes. Washed leukocytes (95% granulocytes at a packed cell volume of 0.9%) and erythrocytes (at a packed cell volume of 0.5-6%) were suspended to various concentrations in human Ringer solution and fibrinogen (3-4 mg/ml), and the adhesion assay performed in a manner identical to that described for platelets. No significant leukocyte or erythrocyte adhesion to collagen was noted.
Adhesion of Platelets Suspended in Fibrinogen
Solutions Effect of fibrinogen concentration. Platelets at a concentration of 0.5% were suspended in fibrinogen solutions ranging in concentration from 0 to 6.5 mg/ml. Fig. 3 depicts the linear increase in platelet adhesion with increasing fibrinogen concentration. As with increasing platelet concentration, a limit to the number of platelets which adhere was imposed only at high fibrinogen concentration (> 6.5 mg/ml), by the tendency of 0.5% platelet suspensions to aggregate.
Fibrinogen degradation products. Solutions of fibrinogen-degradation products were classified on the basis of thrombin times, and clottability. The variation of both these parameters during the course of a typical plasmin digestion experiment is shown in Table III . The adhesion of platelets suspended in solutions of fibrinogendegradation products was compared in each experiment to the adhesion of platelets suspended in a solution of fibrinogen at the same protein concentration and containing identical concentrations of EACA and plasmin. Each class of digest supported platelet adhesion to a significantly less extent than did fibrinogen alone, 3 Table III. To determine the point at which the ability of fibrinogen digests to support adhesion diminished, the following experiment was designed: The clottable fibrinogen remaining in the digests was examined on SDS-polyacrylamide gel electrophoresis after reduction with mercaptoethanol. This procedure (34) is capable of distinguishing the fibrin chains a (al and a2), fi and ay, Fig.  4 . Intact fibrin is depicted in panel A. Panels B, C, D, and E refer to plasmin-digestion products with thrombin times (above control) of 6, 12, 19, and 20 sec. It is apparent that failure to support adhesion is associated with the disappearance of the a-chains and the appearance of the new f--chain.
Neuraminidase-treated fibrinogen. Treatment of fibrinogen with neuraminidase released sialic acid accounting for 0.74 +0.02% (SEM) by weight of fibrinogen (six experiments). No decrease in either clottability or total hexose content of fibrinogen occurred after treatment with neuraminidase. Repeated paired assays (20 experiments) comparing neuraminidase-treated fibrinogen with native fibrinogen failed to show any significant difference in their ability to support platelet adhesion, (13 vs. 16, respectively, SEM < 10%).
'Later digestion products (thrombin times> 100 sec and anti-thrombin times of > 80 to < 20 sec) often demonstrated a partial restoration of the ability to support adhesion. These results were inconsistent however, and this interesting observation not further pursued. Acylated fibrinogen. Acylation of three batches of fibrinogen reduced the number of free-amino groups (leucine equivalents) available to the ninhydrin reagent by 20%. No change in clottability of the fibrinogen occurred after acylation. Paired assays (seven experiments) comparing acylated with native fibrinogen showed no significant difference in the adhesion of platelets suspended in the acylated products (19 vs. 16, respectively, SEM < 10%).
Effect of proteinpolysaccharides on platelet adhesion to collagen
Proteinpolysaccharides were as effective, or more effective, than fibrinogen in enhancing the adhesion of platelets to collagen.
Initially extracted, unfractionated proteinpolysaccharide from bovine nasal cartilage, containing a mixture of proteinpolysaccharide basic structural units and aggregate forms, was three to four times more effective than fibrinogen (by weight) in supporting platelet adhesion (Table IV) . Its mucopolysaccharide moiety consists mainly of chondroitin-sulfate side chains. The purified proteinpolysaccharide basic structural unit PPL3 (So0, = 19.7S) was as effective as fibrinogen (by Human Platelet Adhesion to Collagen Bovine nucleus pulposus 2 8 Unfractionated proteinpolysaccharide 1 5 Bovine humeral articular cartilage 2 10 Unfractionated proteinpolysaccharide 1 5
Chondroitin 4-sulfate 2 3 Chondroitin 6-sulfate 2 2 Keratan-sulfate 2 3 * Number of platelets per grid.
The highly purified proteinpolysaccharide basic structural unit PGS (S'o. . = 22.1S) was twice as effective as fibrinogen (by weight). Proteinpolysaccharide preparations from bovine nucleus pulposus and bovine humeral articular cartilage, were capable of supporting platelet adhesion but not to the same extent as proteinpolysaccharides obtained from bovine nasal cartilage whose mucopolysaccharide side chains contain equal amounts of keratan and chondroitinsulfate. Purified mucopolysaccharide side chains (chondroitin 4-sulfate, chondroitin 6-sulfate, and keratan-sulfate) were ineffective in supporting adhesion.
DISCUSSION
A procedure has been developed which has proved to be a reliable laboratory tool for the quantitation of platelet adhesion. This procedure is different from others in that: (a) it employs a purified collagen fiber system for the site of adhesion, (b) platelets adherent to collagen may be observed directly and quantitated; (c) a washed platelet system can be employed, so that various suspending media can be tested.
The data obtained from this procedure emphasize the importance of the suspending medium as a variable factor for platelet adhesion. Thus, washed platelets at physiologic platelet concentrations lose their ability to adhere to collagen. This ability is restored by the addition of platelet-poor plasma, albumin at 45-50 mg/ml, fibrinogen at 2-4 mg/ml or proteinpolysaccharide at 1-2 mg/ml. This is clearly not a nonspecific protein effect, since seven other proteins at comparable or higher concentrations, were incapable of supporting platelet adhesion. Platelet adhesion is very much dependent upon platelet concentration as well as fibrinogen concentration, both of which may vary significantly in various clinical disorders. Support of platelet adhesion by fibrinogen is independent of the sialic acid moiety of fibrinogen as well as 20% of the free amino groups. It is of interest that the sialic acid moiety of fibrinogen has no effect on the conversion of fibrinogen to fibrin monomer, nor the rate of fibrin monomer polymerization (53, 54) .
Digestion of the fibrinogen molecule with plasmin results in inability to support platelet adhesion with very early degradation products. This is paralleled by an increase in thrombin time and a decrease in clottability (thrombin times 6 to > 46 sec above control; clottability 84-0%, Table III ). This is associated with the disappearance of the al-chain of fibrinogen and appearance of the modified p-chain of fibrinogen. Later digestion products are often paradoxically associated with a partial restoration of the ability to support adhesion. This finding is intriguing and remains unexplained.
The requirement of fibrinogen for platelet adhesion to glass has been reported by Zucker and Vroman (55) and by Packham, Evans, Glynn, and Mustard (56).
Vroman and Adams (57, 58) have shown that fibrinogen is selectively adsorbed from plasma within 2 sec after exposure to wettable oxidized silicon crystals or anodyzed tantalum slides. Similarly, Baer and Dutton (59) have used a variety of tools (infrared spectroscopy, ellipsometry, and contact angle measurements) to demonstrate the early deposition of a film of fibrinogen on the surface of germanium prisms exposed to fresh venous or arterial blood. This deposition preceded the adhesion of platelets to the surface (60) . The data presented in our study are consistent with the hypothesis that fibrinogen is a plasma factor required for platelet adhesion to both glass and purified collagen. In this regard, it is of interest that fibrinogen is either required for, or considerably enhances ADP-induced platelet aggregation (61) (62) (63) . The ability of albumin to support platelet adhesion is of interest despite the fact that fibrinogen is ten to twenty times more effective, since the effective concentration of albumin is in the physiologic range. This does not appear to be the result of adsorbed free fatty acids (which are capable of aggregating platelets (61, 63) ) since albumin pretreated with isooctane (45) gave similar results. Since albumin is such a nonspecific binder of various plasma substances, it is conceivable that some contaminant was responsible for its ability to support adhesion.
Platelet adhesion to collagen was as effective in platelet-rich plasma anticoagulated with EDTA as in ACD, although the former binds divalent cations much more effectively. These observations are consistent with the report of Spaet and Zucker (22) that platelets do not require divalent cation for adhesion to collagen. However, divalent cations are apparently required for the adhesion of platelets to glass (22) .
The ability of platelets to adhere to collagen is not diminished at low temperature or by depletion of over 50% of glycogen stores, indicating that significant metabolic energy is not required. Support of platelet adhesion by intact proteinpolysaccharide macromolecules obtained from three different connective tissues, is of considerable interest. The intact, native proteinpolysaccharide macromolecule consists of a protein core 3400 A long, with side chains of chondroitin-sulfate and/or keratan-sulfate which are approximately 500 A long. Each side chain carries closely spaced negatively charged groups whose repelling forces maintain the side chain in an extended conformation. The native proteinpolysaccharide molecule is diffuse and occupies an enormous domain of solution (47, 48) . Its effect on the adhesion of platelets to collagen may well be related to its physical characteristics in solution, rather than the chemical properties of its chondroitin or keratan-sulfate side chains. Since the molecular weight of the proteinpolysaccharde basic structural unit is ten times that of fibrinogen (47) the preparations are ten to thirty times more effective than fibrinogen on a molar basis, in supporting platelet adhesion.
Finally, it should be recognized that the 16-20 platelets adhering per grid (0.021/mm') probably represent a fraction of the total platelet population to which it has been exposed. It is conceivable that one is dealing with a select platelet population, possibly young platelets. In this regard, Hirsch, Glynn, and Mustard (66) have reported greater adhesiveness of young rabbit platelets to collagen. Similarly, Shulman, Watkins, Itsocoitz, and Students (67) and Karpatkin (68) have reported greater functional capacity for young platelets, compared to older platelets. In addition, we might be dealing with a refractory group of platelets, as noted by Rozenberg and Holmsen (69) , with ADP (adenosinediphosphate) aggregation.
